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Tbl$ inveutionidates to fad cdls and dedzolysers, and is paiticularly, aldioaj^not 
excltuivdy, ttpplicable to prottm exdunge mambraoe foA cdis and dectrolysos. 

5 Fndceills BR devices in y^diditibdmd an oxidants 

dbctrioi^dkeody. By dij^oflyprodociatg decbjcHytn^ combostioa and 

gedecadw stops, the decbicd efGdaocy of a ft^ 

1r»diti<mdgcaeintor..l1dsmDc3ii8wide^ . 
loany man-yeBis of wcnk have been eaqpended in leceotyeBts attoc^tiDg to produce pxactical 
10 £ied cell systems. An eteetndysflr is efifiMtiva^ 

to qplit Tradec into bydiQgen and oxygea Both fud cdls and dddrolyseis are likeity to become 
iDportant parts of ^ so-called *?^drDgea ecooonr^. In fl» Mowing, refexcQce is made to 
fiid oedls, bat it diotdd be imiembaed diat fbe same principles 

One type of finA o6U ia eoonnesrml prodnotion is fbe so-oB^ 

■15 OPEM)fkid cell [somethnes caned polymer eiUstR^ 

Such cells nse lyrdiogen as a ftel and ooDviise an dectrioal^ 
ccfflducting) polymer membrane having porous electrodes disposed on both fices, Tbfi 
mcabnne is typically a fhioiosalpiianBte polymer and flie dectrodcs Ij^picaUy oonqnise a noble 
metd catalyst dispined on a carbonaoeous powder substrate. This asseoil^^ 

20 merobiaxieisofieQxeteedtoasfhemembianedectrodeas9embly<^^). 

Fud (^cSUy hydrogen) is supplied to one dectrode (die anode) vAksc it is oxidised to tdease 
deciiom to the anode and hydrogen ions to the deotxolyta Qxidant (^ically air or oxygen) is 
. supplied to Ibe other dectrode (the ca&ode)wlieredeciioDsfi^ 
oxygen and the liydiogen ions to produce water. AsdMilassofprotonflxdumseinembiane 
3S fiidcdli$thedinotmethanolttadodlinwbiebmeChanoli8B[qn>liedasdiei^ 

inveotioo is intended to cover sndi fad ceiUs and indeed any other fbd edl usbg aproton 
Bxcfaaoge membrane. 
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Tn effnm*T^«]l WM frflT many fBirh nmwyihnriMM ara stackad toggther separated bv flow 
fiddplaleB (Bisoiefisired to as bipolar ]^). lliefloitrMdpla^ are typically fonaed of 
metal or go^Utc to peamit 9)od transfbr of deoto 
the cabodp of ttte adjsceiitinQinbrBne. 

5 The flow field plates have a pattern of grooves on llunr sux&oe to sc^ly fluid Cfiud or oridaxd) 
and to msove vatir prodooed as a isacdoa prodDCt of Ibe fad o«3L Van 
produdbg tbie giocves liave 1>eea deacdbedl, fyc axao^le it has been pioposed to finm sacli 
groovy by •marihin^ng j ooboBsing Of moiddiog (WO00/41260X and by aandblBatbg dmia^ a 
mist (WO01/04982X M a smidldaatiqg tfystem, paitictea (sa^ 

10 fi»zeoiiurfadiilB)aioo8niedbyabIa8tofairdiEectedtowaidam 
partidcs tiavel at a lugh. speed, aiid on impaetmg the article a 

To ensu» that the floids are disposed eveoly to Aeh- jwspedhn^ 
gas difftisioa layer (CH>L) is placed betweoi Ibe deetrode aiui Ibe 
• difaision kyer is a porous jnatedd and typicany compdses a <^ 
15 liaviogaboDdedlqwofca]taapoiwderaDoae£Kieandooatodwj& 
promoto water nsjection. 

Tbe fiiel and ondaot flow fidds are ^pieally of serpentine fbmi, esctending fiom a fluid inlet 
manifold to aflnid outlet loaoifold. Other flow field pattecos can be used however. Itbasbeen. 
an aim expressed in some disclosures (e.g. US5773160, US6087033, and US-A2001/0005557) 
20 to provide a counteiflow acrangement in whidi flie oxidant on one side of the neoibianB 
dectiode assembly moves in the opposite diieotion to the fiiel on the other side of the 
membrane electrode assembly. These anangemeots do not provida a fidl coonteifiow of the 
fluid flows and provide an asynmeliio disIiibotio& of pressmes iat can cause opoalioflal 
piobkma (as discussed bdow). 

25 lltf^HoaQtsbBvetealisodtbstftisiTOblflmeaabeoverctmebyprovidingnuiiaU 
• div«gciil/«)nverscntflowfieldsfbr1hefiidandoridantflowfields,inlfae 

fieid divagcs outwardly and the oflier flow fidd oonvcigBS inwardly. AoconHn^y, the present 
. invmdon provides a fud odl or electzdyser assembly having oounternineitt 
fiid and oxidant flow fidds on eldier side of a membrane electrode assembly. 
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^udi an anaxigemctf has finflia' advontBges k 1^ 

reduced. In oob advuntagBOOS arrangaoomt, a first leactant gas flows outwardly fiom amani&ld 
witbki iha fbd cdl stack Id a fiat leaotant dnoD 
tie edgp of lbs flow fidd to B sooooiid leaotant diBia. 

S lljeinveQlioiiisiniistndedbywi^offlixaQ^ 
drswings i& ^/faicih:- 

Pig. 1 shows sdiomadGaiij^h part sectioii a stadq 
Ilg. 2 shows scbematically fa side view a iioD^ 
cbmobex', 

10 Fig.3 BhowssohemadCBlVmplBnanBn^ 

Fig. 4 ^ows schnODutiaiUy in top planaflaid flow plate fbriiso maco^^ 

Fig. 5 showsiabottomplanfbefliiidflowpl8teofFig.4, 
Fig. 6 shows sdieoiatioaUyapair of fluid flowplatesiDootpQrB^aseai^ 
IS aeQoidaQeewifttitoxnventio&; 

Fig. 7 shows aaaheoiativs fbtmtf flow fiddidatefiv use maccorda^ 

A stack 1 CE^. 1) oominises a phaOty of fluid flow plates 2. Ihe fluid flow plates have aUgned 

^NxtoEM 403 4 &5) flinmng a fud siq;(P^ 

1^ an end i^ate 4 oompiidog an dticlriGd Gtnmector 5. llie end pl^ 

a coolant inlet 8; and a ooolaot oaflet 9, 
Sovecal of the stacks 1 an xooooted in a diaiDber lOl handle 
coinwctioD to Ihe fbd onflots 6, oxidant outlets 7; coolant Mets 8 ai^ 
eihamberlOl alsohasaadectdoaloomieotLonGiyatem lOSfiircoimeetiaito^ 
25 eoDiKclDraS.Acttrespcadiageleetdealoonne^ 

manifolds 102 oonnettt to the hase of eaeb Steele. The Ghaadiec 101 ao^ 
between ifaem avoid space 104. 
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Flow £dd plate 2 ismiulv and, as stated above, has a coo^ 
leads fiom ^ Votme 4(0 to a lituni^^ 
flow fidd 408 leads to a fW d»m 405. (Only part of fl» fUw £^ 
bdog provided eocteaiduig ndially ontwaidly fiam fhe humiAfieati<ni section). Apeiture 409 
5 passes trough fhe flow field plate 1 and aUo^ aligned 
cBc^iQutefiir Biaphis ft i n l leadi ng to ftel paflet 6. 

406 is oQofigared to leeeive sads and this coofigniati^ 
finmalion of flie flow field or in a separaie ste^. 

The oxidant itow Md on the undenidB of flow fidd plate 2 is flie xevGO^ wi^ 

10 radially inwarflyfiom to onto edge ofihe flow field ptale 402 to an imierdi^ 
oonneots widi qwilme 410. Aligned ^ertoies 410 in a stac^ 
03ddaitf leading to oxidBnt oaflflt 7. Coolaitt dumnd 41 1 tons 
coolant oodet apottnn 413. AHgned coolant inlet iportoies 412 in adjacent plates save to 
lecdve coolant fiom coolant hdet 8 and aligned coolant onOet qp^^ 

15 serve to pass coolant to coolant outlet 9. 

Coolant channd 411 is disposed to lie opposite hmnidfioation section 407 ofthea^facent flow 
Add plate. Bypladngawattrpoineeibtomenibianebetween^ooolantdmm^ and 
bumidificatioa dumnd 407 incomit^ hydzogen can be honidified. Saffident Innn i dt ficatlop to 
prevent fhe membrane drying out Is required. 

20 AsimilaracrangeQientcanbeusedtolnmiddifyinooiDi^ 

fiid ddo of the ^sed flow fidd plBt& Ibe need ibr hnmidiflcatlQn on the oxidant side is lees 
Ifaan on fhe ihd side smoe water is produced on the oxidant aide of the memb^ 
assembly. S o«^ tnitrrittificaiiiop of ifaa mrfdant is dedrable (to prevent loss of water in fhe region 
^Bff Hvr nAnr' ^ wMnhime) htrf too TTinnTi hiimidifigition is undesiiddci as das 

25 limits Ibe water eaRyingot^Mcity of Ifae oxidant 

llie water pennedile membrane can by e.g. athin film Blicon ii±b«^ 
mcsnfatane dectoode a8Send)ly ooddbe used in this rde. 
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Ihepnssurs of oxidaatiD fto void qpace IM TriU sen« to 

directum of actow "A" in Pig. 1. Hie pmsaa» of gas wifldn flie stadcwill press outwardly of 
tte stack in ibo direedoa 'V, teodnig to sepaiate liie pilates of fhe stadc Tlie con^Ttessive j^Mce 
iatiie dixeoliooL'Vl'' vM teed to cousteiactliie pressure of gas k the direotian "B\ lodced, if 

under eompressxoiL This idndple can alM be 
nuIfiplBStada 88 oxen^Hfied. 

Ofeonc«wtbewlioleflDaiigemeotcaabeffvaned(osdan^ 
OTitside)b^fbr safety reasonB fee mxBCDgomentdMJwniflprofra 

10 Thenian^emBntdesoiIbedasdillnstntcdisn^ 

ctnxvedional flovir fidd plates are nctai^giilar in fittn ^oh ^ves lise to problems wi& seding 

attiM comets. A oircuin or ovd geometiy fbr tfie Beds ^ 

anrngement is not ided fbr digningliovravef, fflid as sh^ 

codd convedbaifiy beised wxOi fixing boles at fhe CQ^ 
IS ineBnsfi»sljgDjngarseODring4iestBdc.Hb^^^ 

leastpBEtially oompeasBted by flw pressure ooteide die stack; relath^yHS^ 

can bo used. 

Theiadial ^ fbw axnngemeDt of Fig$. 4<6 is advastsgeo^ 
has aco un t a ro ut reot flow between tiiefiid and the oxidant >iv^ 
20 piessnndifbreotid across ibe membrane eleofirade 00^ 

wfaidh tend to bBV« a otoss-flow BinngemeDL Sa(li a zdeiiveibr 0^ 
Ihat Ibe inembzane is nader a idativdy ledoced sfzess. Seoon 
distxiboted actosB liie width of ^ Btadc and tUs nieans fbat 

plates are evenly di$tdbatcd, lessening fhe lidc of a plate breaking or defonsing. Ptnther, tiie 
25 Gvenne88ofpressBredist(fl>ation leads to an improved umfin^^ 
across Ibfisunflnrane ebotrode. 

Tig. 7 shows sodi a dijObnat fbnn of xadial ooonteccuiTcat flow field bipolar, in wbidi flow 
fidd plato 702 is hexagond anndar in fiam having a fhd si^ly aperture 703. Branching flow 
field patten 704 (p art diown) connects foA supply aperture 703 to a fad drain 705 whidx leads 
30 to jftid drainage port 708. Land 706 is configured to lecdveseak and this confiffnafioni^ 
tdce place either the finmation of the flow fidd or in a separato s^. 
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Hie tnddmt flow fidd on Oe adjacent flow fifild plate is tito mwta^ with oxidant flo^x^ in 

flwn ft» o«ter edige of flw flow Add ^ to an itxtt dcaia com 

poit709. QathBieveaeoftlwoxidaiJtflowfifiIdplBteisftoo(daQttraclc.C^^ 

commbidcBtes via fids ooolaxtttcaokto coolant 
5 bthiaiaaagcsnattho&dflawisAveigeiitaiidfheoxida^ 

co uutomm q ut wgrily directed flaid flow each aide of ifaft roemibranc dootrode (pang "radial" 

in tbe $eoae of nwving towaidB or xadialing fiom a point and not in 

]sfetringto theiadioa of a dide). Ke&tredinateriils fbrfte 

Cfflpffpoaths, or oafhon-reg{n iionipQ«aaa. Howevg fee invcgtion ia not reatrictBd to fliege 
10 loatcdalsandniaybeiiaedftraiiymateDdofBM 

The s^pmte xaiBgas and comWaidons dfisctibed above may fonn inventions in fij«r own 

ii0sL 
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1. Afcdcdl or dcctolysw assembly havii««»«^^ 
oridaot fhm fidds on eilbcr side of a membi^ 

5 2. Afi]dedlordedio]9«was8em1)ty,a8d8imediAClaiml,M«^ 

Aims tadially o««w«tdIy fim amanifbid to &fit8t 

gas flows inwardly from the edge of lije aaseaaWy to » aooond leaotant draiij. 
3. A fiid cell or dectiofysa assembly, 88 dsimed ill 

inooniDg gas on a flow field plate iiiges a sealiDg dog towards a ae^^ 
10 adiacantflowfiddiflateioaintdnedatidaflvdylow|ttfi^^ 

ineoihiiig gas. 
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